Ultrathin glycine-ice films ͑nanolayers͒ have been prepared in ultrahigh vacuum by condensation of H 2 O and glycine at 110 K and 150 K on single crystalline Al 2 O 3 surfaces and have been investigated by temperature programed thermal desorption, x-ray photoelectron spectroscopy, and work function measurements. Various layer architectures have been considered, including glycine-on-ice, ice-on-glycine, and mixed glycine-ice nanolayers. Low coverages of adsorbed glycine molecules on amorphous ice surfaces suppress the amorphous-to-crystalline phase transition in the temperature range 140-160 K in near-surface regions and consequently lead to a lower desorption temperature of H 2 O molecules than from pure ice layers. Thicker glycine overlayers on ice provide a kinetic restriction to H 2 O desorption from the underlying ice layers until the glycine molecules become mobile and develop pathways for water desorption at higher temperature ͑Ͼ170 K͒. Ice overlayers do not wet glycine film surfaces, but the glycine molecules on ice are sufficiently immobile at 110 K, so that continuous glycine overlayers form. In mixed glycine-ice nanolayers the glycine phase displays hydrophobic behavior and a phase separation takes place, with the accumulation of glycine near the surfaces of the films.
I. INTRODUCTION
The physics and chemistry of the various lowtemperature phases of ice play an important role in a variety of processes in the biosphere, in the geosphere including the atmosphere and the stratosphere, as well as in the interstellar space. [1] [2] [3] [4] For example, the chemistry of organic molecules on ice surfaces has been suggested to be relevant to cloud chemistry and to the development of cirrus clouds, where the organic material is expected to be adsorbed on ice microcrystallites. 5 Amino acids have been found in icy interstellar grains on meteorites and it has been speculated that they may have been involved in the delivery of extraterrestrial organic molecules to Earth, thus being of possible importance for the origin and the early evolution of life on our planet. 6, 7 Photochemical processes on ice particles have been invoked as an explanation for the presence of amino acids in meteorites. The interactions of organic molecules, in particular, amino acids, with ice surfaces are therefore interesting issues for the organic chemistry occurring in the biosphere, geosphere, and in the interstellar medium.
Thin films of ice grown on crystalline substrates under ultrahigh vacuum conditions have been recognized as excellent model systems for understanding the physics and chemistry of ice surfaces in the atmosphere, stratosphere, or under other environmental conditions. The surface chemistry of adsorbed molecules on low-temperature ice depends largely on the properties and the dynamics of the specific structural complexes, which are present at the surfaces of different ice phases. The condensation of water vapor on a cold substrate at low pressure results in various noncrystalline structures at T Ͻ 130 K, depending on the particular deposition conditions. For deposition temperatures T Ͼ 140-150 K polycrystalline ice polymorphs develop the cubic ice phase I c at 140-160 K, 8 and the hexagonal ice I h in the temperature range 160-240 K. 9 For water deposition at temperatures 90-130 K the so-called low-density amorphous ͑LDA͒ ice phase has been identified, 10, 11 which is characterized by a porous open network structure with high surface area. 12 The overall morphology of LDA ice films depends on the nature of the substrate surface 13, 14 and the porosity decreases with higher deposition or annealing temperature as a result of increasing molecular mobility. [10] [11] [12] The structural state of ice influences both its chemical properties and its surface energy. Amorphous ice has a higher free energy than crystalline ice and thus desorption ͑sublima-tion͒ from LDA ice films occurs at a higher rate and at a lower temperature than from crystalline ice layers. [13] [14] [15] Foreign molecules in/on ice surfaces can modify the dynamics of the amorphous-to-crystalline phase transition 16, 17 and thus the desorption ͑sublimation͒ kinetics. Here, we investigate the influence of the amino acid molecule glycine ͑NH 2 -CH 2 -COOH͒ on the morphology and energetics of amorphous and polycrystalline ice surfaces to reveal the interactions of amino acid and water molecules in ultrathin condensed ice layers ͑nanolayers͒.
Nanolayers of ice ͓30-50 ML ͑monolayers͔͒ and of glycine have been grown under controlled ultrahigh vacuum conditions on a single crystalline aluminum oxide substrate surface ͓Al 2 O 3 ͑0001͔͒. The ice films have been deposited at 110 K and 150 K to generate clean LDA and polycrystalline I c ice surfaces, respectively, and the glycine molecules have been adsorbed on these surfaces from submonolayer to multilayer coverages at 110 K. Conversely, LDA ice layers have been condensed on top of glycine nanolayers ͑4-10 ML͒ on alumina at 110 K, whereas mixed glycine-water ice layers have prepared by codeposition at 110 K. Temperature programed thermal desorption spectroscopy ͑TPD͒ has been used to study the influence of glycine molecules on the energetics and kinetics of particle interactions in the ice layers. X-ray photoelectron spectroscopy ͑XPS͒ of core levels has been applied to reveal the chemical state of the organic molecules and from the relative intensities of the core level emissions from the water and glycine components information on the morphology of the nanolayers has been obtained. The work functions of pristine and glycine covered ice surfaces have been measured as a function of temperature and the observed changes of the surface potential reveal the modifications of the surface morphology of the nanolayers during annealing. A brief account of the TPD results has been presented in a recent paper publication.
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II. EXPERIMENT
The experiments have been performed in a customdesigned ultrahigh vacuum system with a base pressure of ϳ1 ϫ 10 −10 mbar as described previously. 19 The system is equipped with a low-energy electron diffraction ͑LEED͒ optics, a hemispherical electron energy analyzer for photoelectron spectroscopy, x-ray and UV photon sources, and a lineof-sight quadrupol mass spectrometer for TPD; the latter is surrounded by a cold shield to select the desorption from the sample surface and to enhance the resolution in the TPD experiments. The chamber contains also evaporation sources, a pinhole gas doser, and the usual facilities for sample manipulation and surface cleaning. The sample manipulator allows cooling and heating of the sample to 110 K and 1300 K, respectively. Linear sample heating rates for TPD are generated with a home-build computer controlled power supply, typical heating rates of 1 K / s were used in the present experiments. The work function was measured from the secondary electron cutoff in UV valence band photoelectron spectra. The sample was biased ͑−9 V͒ to improve the secondary electron cutoff.
The XPS spectra were recorded using unmonochromatized Al K␣ radiation ͑1486.6 eV͒ and an analyzer resolution of 0.85 eV. The XPS spectra have been fitted into spectral components using Lorentzian line shapes convoluted with a major Gaussian contribution as model functions. In order to avoid charging of the molecular nanolayers, the thickness of ice films has been restricted to 30 layers ͑see below͒ in the photoelectron spectroscopy experiments.
Single crystalline Al 2 O 3 ͑0001͒ film surfaces have been prepared as substrates by thermal oxidation of a NiAl͑110͒ single crystal surface followed by high temperature annealing, as described in the literature. 20 The structure and cleanliness of the alumina surfaces were checked by LEED and XPS. Water was dosed via a retractable pinhole doser. The doser orifice was 10 m in diameter, and the distance dosercrystal ͑8 mm in diameter͒ during deposition was 4 mm. The average thickness of the ice layers has been estimated from a comparison of the areas under the TPD curves with that of the first monolayer of water on Al 2 O 3 ͑0001͒ ͑Ref. 21͒ and from the gas dose, assuming a constant sticking probability of 1 at 110-150 K independent of coverage. 18 Accordingly, one layer of ice is defined here as the saturation layer of H 2 O on Al 2 O 3 ͑0001͒, which corresponds to Ϸ5.9 ϫ 10 14 molecules/ cm 2 . The glycine was vapor deposited from a specially designed retractable Knudsen cell molecule evaporator as described previously. 22 The glycine coverages are given in monolayers as determined from the desorption peak areas in TPD and referenced to the saturated first monolayer on Al 2 O 3 ͑0001͒. 22 The mixed glycine-ice layers were prepared by depositing glycine on to the alumina surface at 110 K in a H 2 O background pressure.
III. RESULTS
A. Temperature programed thermal desorption
TPD is the method of choice to probe subtle intermolecular interactions in condensed molecular layers at surfaces. A collection of TPD curves of H 2 O from various glycine-ice nanolayer structures is given in Fig. 1 . The bottom curve ͑a͒ shows the desorption of H 2 O from a pure 50 layer LDA ice film on Al 2 O 3 . The asymmetric peak profile is characteristic of zero-order desorption kinetics and the weak shoulder at the leading edge of the desorption peak ͑see arrow on the figure͒ has been associated with the amorphousto-crystalline phase transition. 23, 18 The desorption from amorphous ice surfaces occurs at a lower temperature as a result of the higher surface energy, but the amorphous-to-FIG. 1. Temperature programed thermal desorption spectra of H 2 O from various ice nanolayers: ͑a͒ 50 layers LDA ice on alumina; ͑b͒ 50 layers LDA ice covered with 1 ML glycine; ͑c͒ 50 layers LDA ice covered with 10 ML glycine; ͑d͒ 50 layers of ice intermixed with 4 ML glycine; ͑e͒ 50 layers of LDA ice on 10 ML glycine on alumina. The dashed line serves as a guide to the eye, and the cartoons at the right-hand side illustrate the nanolayer architectures.
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Tzvetkov, Ramsey, and Netzer J. Chem. Phys. 122, 114712 ͑2005͒ crystalline transformation takes place in the same temperature range 140-160 K. The desorption from the amorphous ice begins therefore at around 150 K causing the desorption shoulder at 155 K, whereas the transformed crystalline ice desorbs as the main peak at T Ͼ 160 K. The deposition of glycine on the LDA ice surface results in significant modifications of the H 2 O TPD spectra: as a function of the glycine coverage a different behavior is observed. For low glycine coverages ͑ഛ2 ML͒ the desorption peak splits into two components: one component desorbs at a lower temperature, whereas the second component remains similar to the desorption from the pristine surface ͓see curve ͑b͒ in Fig. 1 for 1 ML glycine coverage͔. For higher glycine coverages ͑Ͼ3 ML͒ the whole desorption structure shifts progressively to higher temperatures ͓Fig. 1, curve ͑c͔͒. It appears therefore that a part of the ice film is destabilized with respect to desorption by the presence of adsorbed glycine molecules at low to moderate coverages, but that at higher overlayer thicknesses the glycine delays the H 2 O desorption from the ice. Curve ͑d͒ of Fig. 1 shows the H 2 O desorption from a mixed glycine-water ice nanolayer, as prepared by codeposition; the film corresponds nominally to 50 layers of water intermixed with 4 ML of glycine. Here, only the thermal destabilization of the ice is observed. The top curve ͑e͒ in Fig. 1 displays the desorption spectrum of H 2 O from a 50 layer ice structure condensed on top of a 10 ML glycine film: this desorption spectrum is essentially the same as from the pure ice layers on alumina as shown in curve ͑a͒ of Fig. 1 . It is noticed that the desorption of glycine occurs at around 300 K ͑Ref. 22͒ and is virtually uninfluenced by its previous history on the ice after desorption of the latter.
The desorption of H 2 O at lower temperature, induced by the presence of adsorbed glycine, has been interpreted in terms of a partial suppression of the amorphous-tocrystalline phase transition near the ice surface and consequently of a lower desorption temperature from the amorphous regions. 18 This is supported by the lower temperature desorption from the mixed glycine-ice layers ͓Fig. 1, curve ͑d͔͒, where this phase transition is totally inhibited by the cocondensed glycine molecules. The delay of the H 2 O desorption, i.e., the shift to higher temperatures, by thicker glycine overlayers has to be assessed in the context of the XPS and work function results and will be discussed below.
B. X-ray photoelectron spectroscopy
The N 1s and O 1s XPS core level spectra of glycine allow one to identify the chemical state of the molecules. Moreover, the relative core level peak intensities and their variation with the electron emission angle contain information on the morphology of the glycine-ice nanolayer systems. Figure 2 displays N 1s ͑a͒ and O 1s ͑b͒ XPS spectra of a 30 layer LDA ice film on Al 2 O 3 after deposition of 4 ML glycine at 110 K on top of it. The N 1s spectrum of glycine ͓Fig. 2͑a͒, bottom curve͔ shows two spectral components at 400.8 eV and 402.8 eV binding energies, which are characteristic of glycine in the condensed phase and have been associated with -NH 2 and -NH 3 + groups, respectively. 22 Accordingly, glycine occurs predominantly in a zwitterionic configuration ͑NH 3 + -CH 2 -COO − ͒ in the solid state, with some minority species in molecular acidic form. After heating the glycine-ice structure to 130 K and then to 290 K no changes are observed in the N 1s spectra, neither in shape nor in the intensities. Note that the ice layer underneath the glycine overlayer has entirely desorbed at 200 K. The XPS spectra demonstrate that this glycine layer after ice desorption is spectroscopically indistinguishable from a pure glycine adlayer deposited directly on to the Al 2 O 3 surface. 22 The data also indicate that the glycine adlayer remains at the surface after annealing to 130 K, and that it lands softly on the Al 2 O 3 substrate surface after H 2 O desorption.
The O 1s XPS spectra of the as-prepared 30 layer ice/4 ML glycine nanostructure in Fig. 2͑b͒ have been recorded at normal electron emission ͑bottom curve͒ and at grazing emission ͑70°with respect to the surface normal͒ ͓Fig. 2͑b͒, middle curve͔. The normal emission spectrum has two spectral components at 532.8 eV and 534.5 eV binding energies, which are ascribed to the O 1s emission of the glycine carboxyl group and of H 2 O, respectively. The 70°grazing emission spectrum shows only the glycine O 1s peak, while the The N 1s spectra have been recorded at normal emission, whereas the O 1s spectra have been taken at normal ͓bottom spectrum of ͑b͔͒ and at grazing ͑70°͒ emission.
H 2 O peak is suppressed. This together with the low H 2 O emission intensity in the normal emission spectrum suggests that a continuous glycine overlayer is established at this coverage ͑nominally 4 ML͒, covering the entire LDA ice surface. The O 1s grazing emission spectrum after heating to 130 K is identical to the as-prepared film spectrum indicating that no intermixing between glycine and H 2 O has occurred. This confirms the N 1s results ͓Fig. 2͑a͔͒ that the overlayer morphology remains unchanged after annealing to that temperature ͓see below, Fig. 6͑a͔͒ . Figure 3 compares the N 1s spectrum of the 30 layer ice/4 ML glycine layer structure ͓curve ͑a͔͒ with those from codeposited mixed glycine-ice films: curve ͑b͒ corresponds to ͑10 layers ice+ 4 ML glycine͒ and curve ͑c͒ to ͑30 layers ice+ 4 ML glycine͒. The interesting result of this comparison is that the spectral profiles of the N 1s lines remain the same in these different systems, with the same NH 2 /NH 3 + ratios, and that the total N 1s intensities are reduced by only 19% and 45% for the ͑10 layer ice+ 4 ML glycine͒ and ͑30 layer ice+ 4 ML glycine͒ mixed systems, respectively. In view of the large excess concentration of H 2 O in the mixed layers this relatively high N 1s intensity suggests that the glycine phase floats on top of the ice and is located at or close to the surface of the film. The constant N 1s peak shape with the characteristic profile of condensed solid glycine is also evidence of a phase separation between glycine and water in the mixed layers. Figure 4 shows N 1s ͑a-d͒ and O 1s ͑e-g͒ XPS spectra of ice-on-glycine nanolayers, where the water has been condensed on top of the glycine film surfaces. The quantitative evaluation of the total N 1s intensities ͑see inset of Fig. 4͒ demonstrates that the deposition of 50 layers of water on a 4 ML glycine film leads to a glycine N 1s intensity reduction of only ϳ30%. For a layer-by-layer growth of ice the expected XPS core level intensity attenuation of the substrate is given by
where I ͑I 0 ͒ are the measured ͑initial͒ substrate intensities for overlayer thickness d and is the inelastic mean free path of the photoelectrons at the respective kinetic energy ͑KE͒.
With the assumption of a layer thickness of 2.74 Å ͑i.e., the distance between H 2 O layers in I c ice͒ and using Wagner's empirical expression 24 = 0.031 ϫ ͑KE͒ 0.5 , ͑2͒
the dashed curve in the inset of Fig. 4 is obtained. The experimental data thus clearly demonstrate that layer-by-layer growth of ice is not indicated that the water balls up and does not wet the glycine surface. The O 1s XPS spectra ͓Figs. 4͑e͒-4͑g͔͒ corroborate this conclusion. In normal emission ͓Fig. 4͑e͒, from ten layers ice on 10 ML glycine͔ the water component is small and the glycine component is dominant, but the former increases at grazing emission angles ͑f͒, where the glycine substrate is FIG. 3. N 1s XPS core level spectra of a 30 layer LDA ice plus 4 ML glycine nanolayer ͑a͒ and of mixed glycine-ice films codeposited at 110 K ͑b,c͒. ͑b͒ 10 layers ice+ 4 ML glycine; ͑c͒ 30 layers ice+ 4 ML glycine.
FIG. 4. N 1s
͑a-d͒ and O 1s ͑e-g͒ XPS core level spectra of ice-on-glycine nanolayers: ͑a͒ pure 4 ML glycine film on alumina; ͑b͒ plus 10 layers of ice; ͑c͒ plus 30 layers of ice; ͑d͒ plus 50 layers of ice; ͑e͒ 10 ML glycine film plus 10 layers of ice, normal emission; ͑f͒ as ͑e͒, grazing emission; ͑g͒ pure 10 ML glycine film, grazing emission. The inset ͑left panel͒ shows the relative intensities of the N 1s core level spectra as a function of ice overlayer thickness ͑in layers͒. The filled squares are the experimental data points from the spectra ͑a-d͒, the dashed line is the expected curve for layer-by-layer growth ͑see text͒.
shielded to a greater extent by the three-dimensional water ice clusters. For comparison, the spectrum of Fig. 4͑g͒ shows the grazing emission O 1s spectrum of the pristine 10 ML glycine film. ͑Note that the O 1s emission of the Al 2 O 3 substrate is expected at ϳ531.5 eV; 21 its absence gives evidence that the glycine film is continuous.͒ Figure 5͑b͒ shows the H 2 O TPD spectra of the respective films; note the weak shoulder in the LDA TPD spectrum in the region 150-160 K due to the desorption from the amorphous phase before crystallization. The work function of the crystalline ice surface is higher than the one of the LDA ice surface ͑2.70 eV versus 2.45 eV͒ due to the larger number of O-H dangling bonds and the higher roughness on the latter surface. On both surfaces the work functions remain approximately constant with temperature up to ϳ155 K, indicating no major changes of the surface morphologies up to that temperature. At ϳ155-160 K a sharp steplike rise of announces the abrupt change of the surface morphology on the LDA ice surface. This coincides with the observed shoulder in the TPD spectrum and is indicative of desorption and the simultaneous crystallization of the layer. A change of and thus of the surface morphology is also observed on the polycrystalline ice surface at that temperature, but the increase is less pronounced than on LDA ice. The change of the work function of the LDA ice after crystallization follows the one of the polycrystalline ice surface for T Ͼ 160 K and reflects the desorption of the ice layers.
C. Work function measurements
The course of the work function with temperature of a 30 layer LDA ice/4 ML glycine nanolayer surface is displayed in Fig. 6͑a͒ . Figure 6͑b͒ shows the corresponding H 2 O TPD spectrum. The inset of Fig. 6͑b͒ gives the variation of of a 30 layer LDA ice surface as a function of glycine coverage. The curve of the inset demonstrates that a stable surface potential indicative of a continuous glycine overlayer is obtained only after deposition of ϳ4 ML of glycine. This relatively large amount of glycine to completely cover the ice surface is necessary because of the limited mobility of the glycine molecules on the LDA ice surface at 110 K.
The work function of the 30 layer LDA ice/4 ML glycine nanolayer ͓Fig. 6͑a͔͒ stays constant upon annealing up to ϳ150 K. At ϳ155 K an abrupt increase of is observed signaling a major change of the surface morphology. A comparison with the TPD curve in Fig. 6 shows that this morphology change occurs before water desorbs from this layer. We propose that the change is due to a morphology change within the glycine overlayer. The 4 ML glycine forms a continuous overlayer capping the ice layers underneath. At 150-155 K the glycine molecules in this "capping layer" become mobile and ball up, creating pathways for the desorption of water molecules from the ice layer. The observed 
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progressive shift of water desorption to higher temperatures with increasing thickness of the glycine overlayer of the glycine-ice nanostructures 18 is thus most naturally explained by the thermal stability and continuity of the glycine capping layers as discussed further below.
IV. DISCUSSION
The overall morphology of glycine-ice nanolayers is determined, neglecting kinetic effects for the moment, by the thermodynamics of the system, i.e., by the balance of the surface and interface free energies ␥ of the constitutent layers. The thermodynamic criterion for a wetting situation of an overlayer on a substrate surface, e.g., glycine on ice, is given following Ref. 25 ͑Bauer͒,
where ␥ ICE and ␥ GLYCINE are the surface free energies of the particular ice and glycine surfaces and ␥ INTERFACE is the interface free energy between ice and glycine. The XPS results indicate that glycine molecules form a continuous overlayer on the LDA ice surface, whereas the water layers clearly do not wet glycine surfaces. The latter is also supported by the TPD of water from LDA ice-on-glycine surfaces, which is very similar to that from pure LDA ice layers. The interpretation is that the LDA ice surface has a much higher surface free energy than the solid glycine surface. It is likely that the glycine-ice interfacial energy plays only a minor role in Eq. ͑3͒, because the interactions between glycine and water molecules appear to be weak. The latter is suggested by the very similar N 1s XPS core level profiles of glycine in pure and mixed glycine-ice layers. The high ␥ of LDA ice is the result of the large number of O-H dangling bonds, which are reportedly present on LDA ice surfaces. 26 The glycine molecules are immobile on LDA ice at 110 K, thus kinetically wetting the LDA surface.
The here obtained results from the mixed glycine-ice layers are in perfect agreement with this interpretation. The glycine and water molecules form separate phases with little intermixing and with the glycine molecules located predominantly at the vacuum-solid interface, forming a lower energy outer surface. The water-water and glycine-glycine intermolecular interactions are thus stronger than the water-glycine interaction. Formulated in a different way, in the language of hydrophilic and hydrophobic interactions, 27 glycine in the solid phase, which is constituted mainly by zwitterionic amino acid species, appears to behave like a hydrophobic system. The possibility for intramolecular hydrogen bonding in the zwitterionic glycine molecule is presumably responsible for this behavior. In the mixed glycine-ice nanolayers the phase separation between ice and solid glycine is not perfect as suggested by the XPS and TPD results, presumably because of the limited molecular mobility during the low-temperature growth.
The lower desorption temperature of H 2 O molecules from LDA ice surfaces in the presence of glycine molecules before completion of a uniform overlayer is most naturally explained by the partial inhibition of the crystallization of the amorphous ice in the vicinity of glycine molecules, i.e., in the near-surface region. The absence of this effect on crystalline ice surfaces 18 is strong support for this conjecture. The fact that this thermal destabilization is also observed on the mixed glycine-ice films ͑see Fig. 1͒ indicates that the phase separation is not complete ͑vide supra͒ and that the glycine phase does not form a complete uniform overlayer. The thermal stabilization of ice layers by a glycine overlayer, once it completely covers the ice surface, is the result of a kinetic effect. In our previous account of the TPD results 18 we speculated that attractive intermolecular interactions plus a capping effect of the glycine overlayer is responsible for the delayed thermal desorption. In view of the present results this interpretation can only partly hold and has to be modified. It appears that energetic considerations in terms of attractive interactions are less relevant, but that the kinetic restriction of H 2 O desorption by the continuous glycine overlayer causes the desorption peak at higher temperature. The desorption of H 2 O becomes possible at a temperature when the glycine molecules become mobile and the capping layer opens up pathways for the escape of the water molecules. This progressively occurs at higher temperature with increasing overlayer thickness, as observed experimentally.
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V. SUMMARY
Glycine-ice nanolayers have been prepared in ultrahigh vacuum by deposition of H 2 O and glycine at 110 K on to single crystal Al 2 O 3 surfaces. Glycine-on-ice, ice-on-glycine, and mixed glycine-ice films have been fabricated, the latter by cocondensation of H 2 O and glycine molecules. Moreover, both amorphous and polycrystalline ice surfaces have been prepared by deposition of H 2 O at 110 K and 150 K, respectively. TPD has been used to study the energetics and the molecular interactions in the nanolayers, whereas XPS core level spectra have allowed to assess the chemical state of the glycine and the morphology of the layered structures. The surface potentials of the film surfaces, determined via work function measurements, have given complementary information on the surface morphologies.
Adsorbed glycine molecules on LDA ice surfaces, on the one hand, suppress the amorphous-to-crystalline phase transition in the temperature range 140-160 K in surface-near regions and as a consequence lead to a lower desorption temperature of H 2 O molecules than from pure ice layers. A continuous glycine overlayer, on the other hand, provides a kinetic restriction to desorption from the underlying ice layers until the glycine capping layer changes morphology at higher temperature ͑Ͼ170 K͒, creating pathways for H 2 O desorption. Ice overlayers do not wet glycine films, but glycine molecules kinetically wet LDA ice surfaces because of restricted mobility at low temperature. In mixed glycine-ice nanolayers a phase separation takes place and the glycine phase accumulates near the surface of the films, displaying a hydrophobic behavior. The results are interpreted in terms of surface free energies of glycine and ice surfaces.
